Sesame is one of the important oil crops in Egypt. It can be infected by fungus Fusarium oxysporum f.sp. sesami which causing wilt disease. Among totally 6 isolates of Fusarium spp. isolated from diseased sesame plants, only isolates of F. oxysporum were found to be significantly pathogenic on sesame Giza-32 cultivar and showed the same ideal wilt symptoms. The objective of this investigation was aimed to; screened 86 sesame genotypes for wilt resistance during summer seasons of 2016 and 2017 under artificial infestation and field conditions with isolate FO2. In first season, a significant differences between genotypes under study in trait of disease infection %. Ten lines were resistance i.e. 71, 50, 44, 58, 28, 70, 79, 57, 24 and 80 which had a disease infection % with values of 13.77, 15, 15.29, 16.67, 17.59, 18.07, 18.33, 18.87, 19.12 and 20%, respectively. Forty eight lines had infection % varied from 20-40% considered as moderate resistance lines. In the second season, the resistance lines were 11 they were the same lines plus line number 49. Combined means over two seasons for wilt infection trait revealed that 12.5, 60, 16.25 and 18.75% from the total of 80 sesame lines were resistance, moderate resistance, moderate susceptible and susceptible, respectively. A significant and negative correlation was found between disease infection percent, number of days to 50% flowering and seed yield per plant was also negative and significant in both seasons. It could be recommended that, using the wilt resistance sesame lines in programs of new sesame cultivars or as a source for wilt resistance in sesame. The selection for lateness flowering genotypes in breeding programs for developing genotypes for Fusarium wilt resistance in sesame crop is very useful.
INTODUCTION
Sesame (Sesamum indicum L.) is one of the oldest oil crops cultivated in the world, it has been grown in the Near East and Africa for over five thousand years for oil, cooking and medicinal purposes. It is considered as one of crops that can be sown successfully under reclaimed soils conditions in desert and gives high yield. A total of seed production 6.76 million tons of sesame seed was produced from 10.99 million ha worldwide. In Egypt, cultivated area was 32 thousand ha which produced 45 thousand tons. Egypt occupies the seventh position among the countries produced sesame in the world in the productivity of unit area with value of 1406.3 kg/ha (FAOSTAT, 2016) .
Sesame has low yielding capacity compared to other crop plants, due to its low harvest index, susceptibility to diseases, seed shattering, indeterminate growth habit and asynchronous capsule ripening (Ashri, 1998; Yol and Uzun, 2012) . Infection with diseases is one of the most important factor that restricts crop production in the whole world. Diseases infection in sesame production worldwide caused losses of 7 million tones yearly (Ara et al., 2017) .Wilt disease of sesame caused by Fusarium oxysporum f.sp. Sesami (FOS) that is considered a series disease on sesame crop cultivated especially in upper Egypt because of highly temperature. It is one of the reasons caused decreased in the cultivated area of sesame yearly, due to farmer losing yield. FOS is a soil-borne fungus, infects root, grows and colonizes xylem vessels and blocking them completely to cause wilt (Bateman et al., 1996) and more than 50% yield losses in sesame (Gaber, et al., 1998; Khaleifa, 2003; El-Bramawy, 2006; El-Shakhess and Khalifa, 2007) . Some of agricultural practices such as irrigation management and fertilization regimes, and application of systemic fungicides have been recommended to reduce disease affects (Mahdy et al., 2005) , irrigation management needs experience from farmers to do, fertilization and fungicides costs more money and harmful for environment. Therefore, selection for new resistance sesame genotypes is more useful and sustainable way to reduce the yield loss and also safety, but it is only need more time (Bedigian, 2006) .
Recently, breeding programs has concentrated on development of sesame high yielding and wilt disease resistant varieties (Mahdy et al., 2005) . Selection for wilt resistance in sesame is most important toll in this field even is not easy because of it is two types of lives, plant and fungus with the interaction in between. Because of each fungal pathogen may have many strains which were developed by mutations and environment changes. Therefore, the aim of this study was screening a set of sesame genotypes against FOS to explore the resistant lines to wilt disease with high yield. It will be an initially step in establishment new sesame cultivars from testing promising lines.
MATERIALS AND METHODS

Isolation and identification of the causal pathogen of sesame wilt disease
Samples of wilt-infected plants of sesame Giza-32 and Shandweil-3 cultivars were collected at flowering period from different regions of Sohag governorate, Egypt during 2015 growing season to isolate the causal pathogen. Infected root and stem basal of each plant sample were washed thoroughly with tap water, cut into small segments (approximately 0.5-1.0 cm), surface sterilized by immersing in 5% sodium hypochlorite (SH) solution and 70% ethyl alcohol for 5 and 1 min, respectively (Jyothi et al., 2011) and then immediately rinsed for three times with sterile water (SW). Disinfected segments were dried between folds of sterile filter papers, placed on to Petri plates containing Komada's Fusarium-selective medium (Komada, 1975) supplemented with 400 mg streptomycin sulphate per liter of medium. Then plates were incubated at 25±5ºC for a week. During incubation, plates were examined daily and the growing fungal colonies were purified by single spore and hyphal tip techniques following sub-culturing onto a fresh prepared medium at the same conditions until pure colonies were formed. Isolated Fusarium species were identified according the morphological characteristics of mycelia and spores according to Domsch et al., (1980) , Booth (1984) and Leslie and Summerell (2006) . Pure cultures of all identified isolates of Fusarium species were coded and maintained at 5ºCon slopes of potato dextrose agar (PDA) medium for further studies.
Pathogenicity tests
The pathogenic capability of all isolates of Fusarium species to cause wilt disease was investigated on sesame Giza-32 cultivar under greenhouse conditions in 2015 growing season. Inoculum of each tested isolate of Fusarium spp. was prepared by placing two disks (0.6 cm in diameter) taken from 7-day-old culture on autoclaved sorghum and washed sand medium (3: 1, respectively) in glass bottles tightly closed with cotton plugs. Then bottles were incubated at 28±5 ºC for 21 days. Formalin-sterilized pots (30 cm) each was filled with autoclaved loam soil (7.0 kg of each), infested with 70 g inoculum of each tested isolate and then slightly irrigated every other day for a week (Jyothi et al., 2011) . Pots were treated with the same amount of sorghum and sand medium and free from fungal inocula served as control. Seeds were disinfected by dipping in 2% (SH) solution for 3 min, rinsed 3 times in SW for 5 min and then sowed at a rate of 10 seeds per each pot. Three pots as replicates of each tested fungal isolate were used in a completely randomized design. Pots were checked daily and irrigated when necessary.
Symptoms of wilt disease were noted from 20-110 days after sowing, the number of infected plants was counted in each replication and percent of infection was calculated. Also, individual plants in each replication were rated for severity of wilt using a scale of 0-3 described by Ha et al., (2008) , where 0= healthy plants, no visible symptoms; 1= weakly infected plants showing vascular discoloration but no leaf yellowing; 2= moderately infected plants showing leaf yellowing and wilted plants; 3= severely infected plants showing plant death. Then the disease severity (DS %) of each replicate of each tested fungal isolate was calculated using formula: (ƩS i × N i ) × 100 / (3 × N t ), where S i is the severity ratings 0-3, N i is the number of plants in each ratting, and N t is the total number of rated plants ( Moharm and Negim, 2012) . Finally, the main pathogen was also consistently re-isolated from infected plants showing wilt symptoms that were similar to the original symptoms developed on naturally infected plants.
Plant material and field experiments
The plant materials listed in Table 3 were 86 sesame genotypes (80 lines, parents of these lines Introduced No. 153515 from Venezuela, Introduced No. 158071 from China, and four check varieties Giza-25, Giza-32 Shandaweil-3 and Toshka1, were used to assess resistance to Fusarium wilt disease. These lines were selected previously in segregation generation for wilt and charcoal root rot diseases coupled with high yield (Mahdy et al., 2005) .
Two field trials were performed in the successive growing summer seasons of2016 and 2017 at the Experimental Farm (El-Kawther), Faculty of Agriculture, Sohag University, Sohag, Egypt. The sowing date in both seasons was 1 st May. In each experiment, sesame seeds of each genotype tested were sterilized as above mentioned and sown in hills of plots in a randomized complete block design of three replications. Seeds were sown in rows, each 4 m long with 0.6 m row width and 0.2 m between hills within rows. Each genotype was represented by one row in each replication. Inoculum amount (approx. 40 g) of isolate FO2 was added in hills with sesame seeds at same time of planting and covered with soil (Mahdy et al., 2005) . Following full emergence, the growing seedlings were thinned to two per hill in each row and all cultural practices recommended for sesame production were carefully applied.
Assessment of sesame lines to wilt resistance and yield losses
At flowering stage, symptoms of wilt disease were noted and the infected plants were counted in each row (line) in the replicate to calculate disease infection percentage (Bedawy, 2004) 
as follow:
Disease infection % = the number of infected plants/ total number of plants in the row × 100.
Resistance level of each line tested was scored following the scale of disease rating (Table 1) described by El-Bramawy and Abd Al-Wahid (2007) and Jyothi et al., (2011) . The other traits studied were the number of days to 50% flowering that recorded to study the relation between wilt infection and flowering. Seed yield per plant was also measured as a mean of seed yield from 10 plants for each genotype in the three replicates. Yield losses were determined using data of seed yield per plant obtained from another experiment conducted at normal condition for the same lines (Bedawy and Mohamed, 2018) as follow:
Yield losses % = 100 -(seed yield under infection/ seed yield at normal condition) × 100. 
Statistical analysis
The data of studied traits were analysed by using SAS program (SAS ver. 9.2, SAS 2008) . Comparing of means for each trait was done by used the revised LSD (Petersen, 1985) . Pearson correlation coefficient was calculated among studied traits in the two seasons.
RESULTS AND DISCUSSION
Isolation from diseased plants showing wilt symptoms collected from different localities in Sohag governorate resulted in 6 isolates of two species of Fusarium. Three isolates as F. oxysporum Schlecht. and 3 isolates as F. solani Mart. were identified. Results of pathogenicity tests in Table 2 revealed that among totally 6 isolates of Fusarium spp. obtained, only isolates of F. oxysporum were found to be significantly pathogenic on sesame Giza-32 cultivar and showed the same ideal wilt symptoms. Isolate FO2 was highly pathogenic ones and caused 36.67% and 25.56% of infection and DS%, respectively. However, isolate FO1 was a weak isolate and caused 23.33% and 12.22% of infection and DS, respectively. On the other hand, all isolates of F. solani did not induce wilt symptoms, but they caused damping-off or root rot. Results obtained were similarly and in agreement with those reported by (Abd-El-Ghany et al., 1974; El-Deeb et al., 1987; Khalifa, 1997; Alasee, 2006) .
In first season of filed trails under artificial infestation with isolate FO2, analysis of variance showed highly significant differences between genotypes for all studied traits in two seasons (Table 3 ). The trait of disease infection % means varied from 13.77-66.67% (Table 4) . Ten lines described as resistance (R) viz. 71, 50, 44, 58, 28, 70, 79, 57, 24 and 80 had a disease infection % with values of 13.77, 15, 15.29, 16.67, 17.59, 18.07, 18.33, 18.87, 19 .12 and 20%, respectively. Nineteen and twenty nine genotypes had infection % varied from 20-30% and 30-40%, respectively. Both considered as moderate resistance (MR) lines. Results also revealed that 13 and 15 genotypes were had disease degree of moderate susceptibility (MS) and susceptibility (S), respectively. Several research efforts for detecting the resistant genotypes of sesame against wilt disease caused by F. oxysporum f.sp. sesame in different parts of the world were focused (Dinakaran et al., 1994; Kavak and Boydak, 2006; El-Bramawy et al., 2008; Jyothi et al., 2011 Results of second season had closer disease degree for the same genotypes except some differences like, the lines number 11 were R and line number 49 was changed the disease degree to be R with infection % 20 (Table 4) . Also, same lines numbers 48 found to be MR in second season but in the last category (S) lines number decreased by one line. Results approved stable disease resistance degree from year to year in almost of sesame lines understudy these results are matching with El-Barmawy (2006) . The genotypes means varied from 9.17 to 17.52 g for seed yield per plant trait. The resistance lines had the same trend form first year for high yield with the exception of lines number 28 and 44 with values of 12.45 and 13.06 g, respectively. Eighteen sesame lines recorded no loss of seed yield. In general, incidence of the Fusarium wilt disease of sesame in most lines tested was positively correlated with loss in yield. However, the resistant line number 44 was the only line from resistance group that recorded 9.7% yield losses in the second season.
Over two seasons wilt infection means (Fig. 1 ) revealed that 10, 48, 12 and 16 genotypes from the total of 86 sesame genotypes were resistance, moderate resistance, moderate susceptible and susceptible, and represented by 11.66, 55.81, 13.95 and 18 .60 % of genotypes, respectively. Similar results of the variation in wilt infection for the tested genotypes were reported (Mahdy et al., 2005; ElBarmawy, 2006; El-Bramawy and Abd Al-Wahid, 2007; Jyothi et al., 2011) . Among the parents group and check varieties Toshka-1 recorded lower infection percentage with 31.11 followed by Shandweil-3 with 35 (MR), while No. Genotypes % of Genotypes the rest were susceptible. In another study, 'Toshka-1' was MR and 'Giza-32' was MS and R in two seasons as a degree of resistance (El-Bramawy and Abd Al-Wahid, 2009 ). While, they found Giza-25 had a MR. These results matching with this study for Toshka-1 and Giza-25 cultivars.
Number of days to 50% flowering showed highly significant different and means ranged from 48 to 71 days in both season (Table 3 , 4 and 5). Coupling of number of days to 50% flowering and disease infection% means showed that, the resistant lines had a variation in the number of days to 50% flowering trait. Lines 71, 24, 28, 44, 79, and 80 Correlation analysis coefficient among disease infection percentage, number of days to 50% flowering and seed yield per plant traits under disease infection were calculated in the first and second season ( Table 5 ). The disease infection percentage and number of days to 50% flowering traits were correlated significantly and negatively with values (-0.279 and -0.214) in first and second season, respectively. These means the lines which were late in flowering are more wilt resistance. It is clearly from these results, selection for late flowering genotypes in wilt resistance breeding programs. Would be taken in account, previous studies in the correlation between wilt infection and flowering in sesame are very rare. But, Lyons et al., (2015) found a positive correlation among late flowering and resistance to F. oxysporum in Arabidopsis thaliana natural ecotypes. Correlation between disease infection % and seed yield was also significant and negative, it was -0.308 in first season and -0.312 in the second season. Very weak correlation values resulted between seed yield per plant trait and number of days to 50% flowering trait. El-Barmawy (2006) supported the significant and negative correlation in his study on F 3 and F 4 sesame segregation generation under field infection with Fusarium between infection percentage and seed yield trait. Finally; it could be recommend that, most of the sesame resistant lines to wilt disease which had high yield could be used as new sesame cultivars or as a source for wilt resistance in sesame. Also, we can conclude that doing the selection for lateness flowering in genotypes would be very useful in breeding programs for developing genotypes for Fusarium wilt resistance.
